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Residua] solvents determination in pharmaceutical products by 
GC-HS and GC-MS-SPME. 

Camarasu CC, Mezei-Szuts M, Varga GB. 

Gedeon Richter Ltd., Central Analytical Laboratory, Budapest, Hungary. 
costm@orthodox.com 

Solid-phase microextraction (SPME) has been applied to the residual 
solvents determination in pharmaceutical products and was compared with 
the static hjeadspace. Three fibers with different polymer films were 
compared and the polydimetbyJsiloxane/divinylbenzene coated fiber was 
found to be the most sensiti ve for the analyzed an.al.ytes* Between the 
investigated sample preparation techniques, gastight-SPME proved to be the 
most sensitive, with DL values ranging &om 5 pg ml(-l) to 2 ng ml(-l). 
Headspace SPME is more precise, with RSD of peak areas values ranging 
from 2 to 3%. The headspace SPME method was successfully validated. The 
validation data are reported in the text. The most important difference 
between the two techniques is that the gastight SPME showed better 
behavior towards very volatile solvents. Compared with the static headspace 
technique, both SPME methods showed superior results, being compatible 
with the pharmaceutical samples. 
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Atetract 

A rapid static headspace-gas cbxomatograpbfc (SHS-GC) method wag developed and valid&ted for the quantitation 
of residual solvents in pharmaceutical gel extnisjon module (GEM) tablet formulations. A static headspace sampling 
technique was utilized to overcome the difficulties imposed by direct injection methods, A Rlx-1701 mcgabore 
capillary column was selected to achieve optimaJ resolution among organic volatile chemicals used commonly in the 
manufacturing of GEM tablets, residual solvents in the active ingredient and excipients, and other formulation matrix 
artifacts. A 50-mM pH 3.0 sodium phosphate buffer was used as a sample diluent to minimize matrix effects. The 
instrumental parameters of the SHS-GC method were optimized for sensitivity and precision. Quantitation was 
performed by external standard analysis. The SHS-GC method was validated according to regulatory requirements 
and produced acceptable results with respect to specificity, linearity, range, detection and quantitation limits, 
precision, and accuracy. © 2002 Elsevier Science B.V. All rights reserved. 

Keywords: Static headspace; Gas chromatography; Gel extrueion module; Residual solvents 



1. Introduction 

Controlled" or sustained-release drug delivery 
systems have been, v^idely employed to achieve 
desired therapeutic effects with the advantages of 
eliminating undesirable side effects, diminishing 
repeated dosages, and improviiag biological and 
pharmaceutical efTiciencies. Gel extrusion module 
(GEM) tablet formulation is a novel controlled- 
release oral drug dispersion delivery device [1]. 
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The GEM tablet consists of a compressed core 
prepared from an admixture comprised of a thera- 
peutically effective amount of a ben.e6cial agent, a 
gel-forming polymer which upon hydration forms 
gelatinous microscopic particles, and other phar- 
maceutical excipients. The core is completely 
coated with a thio water-inapermeable, watcr-in- 
soluble polymeric coating, which contains apcr- 
ttires to expose discrete portions of the surface of 
the core. In the environment of use, as biological 
fluid contacts the exposed core surface, hydration 
of the gel-forming polymer occurs at the surface. 
As water is absorbed by the polymer particles, 
gelatinous microscopic particles are formed and 
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released from the surface. As a result of the 
dispersion of gelatinous microscopic particles, 
the beneficial agept is also released from the 
tablet core through the apertures into the 
aqueous enviroitmenit of use. The release rate of 
the drug is controlled by the core composition 
as well as the number and size of the apertures 
on the polymeric coating. 

During the manufacturing process, the GEM 
tablet formulation product was exposed to sev- 
eral organic volatile chemicals. Ethanol, iso- 
propanol, and acetone are the commonJy used 
granulation media. Methanol may be present in 
certain grades of etbanol. Ethanol and acetone 
are also used in the preparation of the poly- 
meric coating of GEM tablets {!]. Isopropanol 
may be used in the crystallization of the active 
ingredient while ethyl acetate is a process sol- 
vent for the gel-forming polymer [2]. Low levels 
of these organic solvents are inevit^ibly present 
in the GEM drug product even after the drying 
process. Residual solvents, also called organic 
volatile impurities (OVIs), not only affect phys- 
iochemical properties of a drug, such as particle 
sisc, dissolution rate and stability, but also can 
present a serious potential health hazard. 
Worldwide regulatory authorities all require the 
reduction of residual solvents to acceptable lev- 
els. In the International Conference on Harmon- 
isation (ICH) guideline Q3C 'Impurities; 
Residual Solvents' [3], methanol is classified as a 
class 2 solvent with a permitted daily exposure 
(PDE) limit of 30 mg/day and a concentration 
limit of 3000 ppm while cthanol, acetone, iso- 
propatiol and ethyl acetate are classified as class 
3 solvents with PDE limits of 50 mg/day and 
concentration limits of 5000 ppm. Therefore, it 
is of critical importance to develop a robust 
quantitative analytical method for the determi- 
nation of these residual solvents in the GEM 
tablet formulations. 

Determination of residual solvents or OVIs in 
drug substances, excipients, and formulated drug 
products is known to be one of the most 
difficult and demanding analytical tasks in the 
pharmaceutical industry. The very complex na- 
ture of GEM tablet formulation presents an 
even greater challenge. The most appropriate 



method for analyzing organic volatile com- 
pounds is gas chromatography (GC). There are 
generally two sample introduction techniques for 
the analysis of volatile compounds by GC: di- 
rect ityection and headspace sampling. While di- 
rect injection is simple and does not require 
specialized hardware, it has several major draw- 
backs. Injection of non-volatile components 
causes the contamination of the GC system and 
the deterioration of the GC column. Degrada- 
tion of deposited non-volatile components at el- 
evated temperatures in the injection port also 
interferes with subsequent injections- Conse- 
quently, frequent and time-consuming cleaning 
of the GC system is required. Moreover, sample 
backflash as a result of the large expansion vol- 
ume of water results in poor injection reprodxici- 
bility and poor method precision. Dh-ect 
injection of thje GEM tablet sample also re- 
quires a tedious sample preparation procedure* 
Heating of sample solutions is needed to ensure 
an efficient extraction of OVIs from the GEM 
tablet matrix. In addition, a lengthy centrifuga- 
tion at extremely high centrifugal speed is 
needed to remove the gelatinous particles so 
that an injectable sample solution may be ob- 
tained for GC analysis. As a result, OVIs are 
lost during these sample preparation steps, and 
low recovery is observed. Ail of these reasons 
make the direct injection the least desirable sam- 
pling technique for use in the analysis of GEM 
tablet formulations for residual solvents. 

Static headspace-gas cbioraatography (SHS- 
GQ [4] has become the preferred technique for 
the analysis of residual solvents in bulk pharma- 
ceuticals [5-101 finished drug products [11- 
13] because it offers several advantages over the 
direct injection technique. In headspace analysis, 
only volatile components are introduced into the 
GC system, resulting in extended column life- 
time and reduced instrument maintenance. With 
automated systems, SHS-GC also provides supe- 
rior sensitivity and reproducibility. SHS sam- 
pling is conducted by placing a liquid or solid 
siunple in a sealed vial, which is then ther- 
mostatcd until a thermodynamic equilibrium be- 
tween the sample and gas phase is reached. A 
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known aliquot of the gas phase h then transferred 
to a gas chromatography for analysis. Many fac- 
tors such as thermostat temperatunr, eqiiilibration 
time, sample volume, and sample matrix 
have sig7);iicaiit influence on the quantitative de- 
termination of volatile compounds using SHS- 
GC. Optimization of these parameters can be 
critical to the development of an accurate SHS- 
GC method. 

Jj) this article^ a simple, rapid, and sensitive 
SHS-GC method for use in quantitating the resid- 
ual solvents 5« GEM tablets is described. Specifi- 
cally, the authors have determined the residual 
methanol, ethanol, acetone, isopropanol, and 
ethyl acetate levels m the GEM fonnuktions by 
external standard analysis. An Rtx-1701 mega- 
bore capillary column was selected to achieve the 
optimal resolution among organic volatile chemi- 
cals commonly used in the manufacturing of 
GEM tablets, residual solvents in both the active 
ingredient and excipients, and other formulation 
matrix artifacts. A 5CKmM pH 3.0 sodium phos- 
phate buffer was used as a sample diluent to 
minimize matrix effects. In addition, the valida- 
tion of the method m accordance with regulatory 
requirements for the pharmaceutical industry is 
described. 



2„ Experimental 

2J. Reagents cjftd chemicak 

GEM tablets were obtaiued from the Pharma- 
ceutical Research and Development department 
of Merck Research Laboratories (West Poij^t, 
PA). Solvents used were of i9^/a purity and 
were purchased from the following sources: 
methanol, acetone, isopropanol, ethyl acetate, 
acetaldchyde, A^,^-dimethylformamide (DMF) 
from Fisher Scientific (Fair Lawn, NJ); ethanol 
from Quantum Chemical Corp. (Newark, NJ). 
Phosphate buffer (50 mM, pH 3.0) was prepared 
by dissolving 6.9 g NaH^POv HjO (HPLC grade, 
Fisher Scientific) in 1000 ml of USP water. The 
pH of the buffer was adjusted to 3,0 with 85% 
O -phosphoric acid (HPLC grade. Fisher 
Scicntiiic). 
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2.2. Instrtmentation 

The study was performed with a Hewlett-Pack- 
ard (Agilent, Wilmington, DE) model 6890 scries 
gas chromatograph (total electronic pneumatic 
control of gas flow) equipped with a capillary 
spJit/splitless inlet, a volatile? interface, an HP 
7673 automatic liquid sampler, an HP 7694 
headspace sampler, and a flame ionization detec- 
tor (FID). The headspace transfer line was di- 
rectly connected to the volatiles interface. An 
auxiliary EPC module was used for vial pressur- 
ization. The automatic liquid sampler was at- 
tached to the capDIary split/splitless inlet. 
Chromatographic data were coUected and han- 
dled via the in-house Multichrcm chromato- 
graphic data management system (Thermo 
LabSystems, Cheshire, WA, UK). 

2.3. SHS'GC instrumental conditions 

The SHS samplmg was performed with the 
headspace sampler and the volatiles interface. A 
1-ml sample loop was employed. The headspace 
autosampler conditions were as follows: oven 
tcmpemture, 85 "C; transfer line temperature, 
110 °C; loop temperature, 90 *C; vial equilibra- 
tion time, 40 rain; shaking (mixing) speed, high; 
loop fill time, 0.15 min; injection (or vent) time, 
0.3 min; vjal pressure, 10 psi; pressurization time, 
0.1 min. 

A 60 m X 0-53 mm Rtx-1701 column with 1.0 
ixm film thickness (Restek Corp., Bellefone, PA) 
was utilised for chromatographic separation of 
the solvents. The carrier ga^ was helium at a 
constant flow rate of 7.0 ml/mm. The volatiles 
interface was maintained at 250 ^'C with a spht 
ratio of 1:10. The FID was set at 250 *C and 
nitrogen was used as the make-up gas. The 
column oven temperature program involved an 
initial temperature of 50 *C for 3 min, increased 
at 40 "Cfm'm to 200 *C and held for 1 min. 

2.4. Direct GC instrumental conditions 

Direct liquid saropUng was performed with the 
automatic liquid sampler and the capillary split/ 
splitless inJet. A splitless injection mode was used 
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with a 1.0-^l injection volume. A 30 m x 0.53 mm 
DB-WAXetr column with 1.0 ^im film thickness 
(J&W Scientiiic, Folsom^ CA) was used. The car- 
rier gas was helium at a consstemt flow rate of 4.0 
ml/min. The capiUary spHt/splitless inlet was 
maintained at 140 "C and FID temperature at 
260 *C. Nitrogen was used as the make-up gas. 
The column oven was programmed with an initial 
temperature of 35 *C for 7 min, increased at 
50 *^C/mio to 200 *C, and held for 20 min, 

2-5. Standard preparation 

Quantification was performed by the method of 
external standatdisjation. The stock standard solu- 
tion containing 12.5 mg/ml of each OVl was 
prepared by diluting 6-25 g each of methanol, 
ethanol, isopropanol, acetone, and ethyl acetate 
to 500 ml with sample diluent. The pH 3.0 phos- 
phate buffer in Section 2.1 was used as the diluent 
for SHS-GC while water or DMF was used for 
direct GC. The working standard containing 100 
jig/ml of each 5;olvent wa^ prepared by diluting 
2.0 ml of the stock standard solution to 250 ml 
with, diluent. This concentration of the working 
standard corresponds to levels that wotxld be ob- 
tained by dissolving 200 mg of sample (containing 
2500 ppm of each solvent) in 5 ml of diluent A 
series of standard solutions for validation was 
prepared by diluting the stock standard solution 
with diluent. For SHS-GC analysis, 5.0 ml 
aliquots of the standard were pipetted into a 20 
ml, headspace vial and immediately sealed with a 
Teflon-lined septum and an aluminum crimp cap 
(Agilent, Wilmiogton, DE). 

2,6. Sample preparaiicn 

For direct GC analysis, a whole GEM tablet 
( 200 mg in weight) was crushed and mixed with 
5,0 ml of water. The solution was sonicated for 20 
min, heated at 60 °C for 1 h, then centrifuged at 
14,000 rpjn for 30 min. The supernatant layer was 
transferred into a 2-ml GC vial for analysis. 

For SHS-GC analysis, a whole GEM tablet was 
crushed and transferred into a 20-ml headspace 
vial. Five ml aliquots of the diluent were trans- 
ferred into the vial and immediately scaled with a 



Teflon-lined septum and an aluminum crimp cap. 
The vial was sonicated for 20 min and loaded 
onto the headspace sampler for analysis. 

3. Results antt discussion 

A typical GC chxomatogram of a GEM tablet 
sample analyzed by the direct injection GC 
method is shown in Fig. 1. The direct-GC method 
used was based on the United States Pharmaco- 
poeia (USP) <467> raetliod VI [14]. Fig, I illus- 
trates that direct injection of the GEM tablet 
sample introduced an excessive amount of high 
boiling point components in the fonnulation ma- 
trix to the column. Poor peak shapes were also 
observed for the solvents of interest. The method 
was found to be unsuitable for the determination 
of residual solvents in the GEM tablet 
formulations. 

3,L SHS-GC method development 

3JJ. Sample preparaiiott 

The first step in our SHS-GC method develop- 
ment was to consider the characteristics of both 
the analytes of interest and the sample, AU of the 
OVIs to be determined: methanol, ethanol, iso- 
propanol, acetone, and ethyl acetate, have suffix 
cient volatility for headspace analysis, De-ioni2ed 
(DI) water was initially chosen as the sample 
dissolution medium because it is generalJy free of 
organic contaminants and gives no response in a 
FID (flame ionization detector). However, the 
gel-forming agent (synthetic high molecular 
weight polymers of acrylic acid) in the GEM 
tablet swells in DI water and may introduce a 
significant matrbc effect to the static headspace 
analysis. It was found that the swelling of the 
gel-forming agent can be reduced by inhibiting the 
ionization of acrylic acid at low pH. For this 
reason, a 50-mM pH 3.0 phosphate buffer used 
commonly in the HPLC analyses was employed as 
the sample diluent. It has been suggested by a 
number of authors that so-called *salting-out* by 
saturating the aqixeous sample solution with a saJt 
(e.g. NajSO^) may reduce the sample matrix effect 
and increase the sensitivity in the static headspace 
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analysis (4,5]. The effect of salting-out with the 
addition of 1 g of NajSO^ was examined. Al- 
though the sensitivity was enhanced as expected, 
variubility associated with the additional sample 
preparation resulted in relatively high, standard 
deviations of the headspace detenninations. The 
sensitivity of the method was found to be ade- 
quate without the addition of sodium sulfate (see 
Section 3.2), therefore, salting-out was not utilized 
for this study. Smce fewer steps are required for 
sample preparation in SHS-GC, the overall analy- 
sis time was significantly reduced in comparison 
with the direct-GC procedure. 

5. 1.2. Chromatographic conditions 

The next step was to evaluate the chromato- 
graphic conditions. The appropriate choice of GC 
column is crucial to establish a robust SHS-GC 
method. The DB-WAXetr column ori^nally used 
in the direct injection GC method has a very polar 
polyethylene glycol (PEG) stationary phase and 
gives poor resolution between isopropanol and 
ethanol as shown in Fig. 2A. In addition, 
methanol elutes very closely to ethyl acetate^ 
which was typically observed to be present at a 



much higher level than methanol, makmg peak 
threshold detection and subsequent quantitation 
of methanol difficult. In an attempt to solve these 
problems by altering the elution order of 
methanol and ethyl acetate, DB-1 column coated 
with a non -polar dimethyl polysiloxane stationary 
phase was tried* The DB-1 phase is significantly 
less retentive for polar alcohols than the DB- 
WAXetr phase as evidenced by the SHS-GC chro- 
matogram shown in Fig. 2B. As a result of the 
forward shifting of alcohol peaks, all analytcs of 
bterest are now well resolved from each other. 
However, another difficulty was encountered in 
resolving the methanol peak from a co-cluting 
sample matrix peak, which was later identified as 
an acetaldehyde peak. It was suggested that a 
trace amount of acetaldehyde may be present in 
the sample solutions due to the hydrolysis or 
thermal degradation, of excipients at elevated tem- 
peratures. This is the subject of a separate on-go- 
ing study. It was noted that the polarity of 
stationary phases does not have as significant an 
effect on the elution of acetaldehyde as it does on 
alcohols. This may be explained by the fact that 
alcohols exhibit very strong hydrogen bonding 



mV 




TimeCmin) 



Fig. I . Typical GC chroraatoeram of a GEM tablet samp]? using iha direct GC parameter^ given in Section 2.4. Peaka: 1 = acetone; 
2 cthyJ acctiitc: 3 = methanol; 4 = cthanol. 
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Fig, I, SHS-GC cbromatograms of 100 ppm working sUuidard (see Section 2.5). Method conditions (injector, detector, and 
hCttdspucc sumplcr conditions given in Section 2.3): (A) J&W DB-WAXctr, 30 m x 0.53 ram I.D., I.O ^m, carrier gim He at 35 
cm/s measured at 35 "C, column pvcn tcmpcramre 35 *C for 6 mm then 35-200 "C at 40 *C/i7ifn. (B) J&W DB-1, 30 m x 0.53 mm 
LD-, I-O ^m, carrier gjis as He at 35 cra/s measured at 35 ''C, column oven temperature 35 **C for 6 min then 35-200 at 
40 "^C/min. (C) Restefc Rtx-1701. <K) m x 0,53 mm I.D., J.O \ym, carrier ga*i a$ He at 43 cm/s measured at 50 "C, coltimn oven 
temperature 50 '*C for 3 min then 50-200 "C at 40 "C/min then at 200 °C for ( min. Peaks: ] = methanol; a-icthanol; 
3 = acetone; 4 = isopropanol; 5 «> ethyl acetate acctaldchydc), 



interactions with polar fwctiona) groups on polar 
stationary phases while dispersion is the dominant 
interaction for acetaldshyde. Aoetaldehyde ap- 
pears as one of the earliest eluting peaks on the 
liquid stationary phases due to its extremely high 
volatility. Hence, a stationary phase with an inter- 
mediate polarity, such as Rtx-1701 (14% 
cynopropylphenyl/86% dimethyl polysiloxane), 
would preferentially retain and separate methanol 
from aoetaldehyde, while maintaming the resolu- 
tion among other analytes. A 60 m, 0.53 mm LD. 
Rtx-1701 column with a l.O-jxm film thickness 
was then tried. CapiJlary GC columns with a 0.53 



mm I.D., commonly referred to as megabores> arc 
preferred for headspace analysis because they can 
be operated at higher carrier gas flow rates to 
reduce peak broadening due to the dead volumes 
in headspace sampler components. The longer 
column was chosen in order to obtain, a sufficient 
number of theoretical plates to achieve a satisfac- 
tory resolution of all peaks of interest at a rela- 
tively high initial GC oven temperature of 50 
which would significantly reduce the GC post-run 
cool-down and rc-cquilibration time. The combi- 
nation of a higher flow rate and a higher initial 
temperature of GC oven resulted in a very short 
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GC analysis time. The SHS-GC chromatogram 
obtained with the Rtx-1701 colmnn is shown in 
Fig. 2C, which illustrates that all peaks of interest 
are well resolved with excellent peak shapes in, less 
than 5 tow., A fast oven temperature ramp to 
200 "C was used to elute all unknown or unex- 
pected atiaJytes in actual samples from the GC 
systeixi. Each SHS-GC run was completed within 
10 mm compared to the typical 45-60-jiijn run 
time needed for direct GC analysis [14]. 

3 J J. Optimization of headspace parameters 

There are many instrumental parameters of 
headspace sampler that can. affect the sensitivity, 
precision, and accuracy of static headspace analy- 
sis. These include temperatures (oven, transfer 
line, and loop); time (vial equilibration and pres- 
surization, loop fill, and injection); pressure (vial 
and carrier gas), phase ratio (vial size and sample 
volume), and sbaJse (mixing) speed. Optimization 
of all parameters would require extensive and 
lengthy method development. Brillante et al. [7] 
have determined the optimum instrumental condi- 
tions for the determination of five OVIs in bulk 
pharmaceutical chemicals using the HP 7694 
headspace sampler coupled with the HP 6890 
Series GC. These parameter settings with the ex- 
ception of the oven temperature and vial equili- 
bration time were adopted in this study. An 
85 '^C oven temperature, which is the maximum 
temperatujre allowed for an aqueous sample solu- 
tion, was selected. The higher oven temperature in 
conjunction with the 'muting' option on the HP 
7694 headspace sampler, which provides vigorous 
agitation of sample vials during heating, ensures 
the rapid extraction of residual solvent from 
GEM tablet formulations. The optimal vial equili- 
bration time was determined by experiments. A 
100 ppm working standard was used for the 
study. The equilibration time was varied from 0 to 
90 min and the other parameters were maintained 
at the same conditions as listed in Section 2.3. 
Fig. 3 shows the response of the OVIs of interest 
as a function of viaJ equilibration time. The re- 
sults indicate that the equilibrium was reached at 
20 min for all analytes. Ethyl acetate exhibits a 
much higher response due primarily to its more 
favorable partition coeflicient for transfer to the 



679 

vial headspace from the aqueous matrix compared 
with other more polar analytes. A 40-mm vial 
equilibration time was chosen to achieve better 
precision and also to ensure the complete extrac- 
tion of solvent from GEM tablets. The addi- 
tionaJ time for vial equilibration does not 
significantly increase the analysis time, which is 
limited by the GC run time only since the HP 
7694 headspace autosampler allows the staggering 
of the start of the incubation time. 

The final method conditions are given in Sec- 
tion 2.3. Representative SHS-GC cliromatograms 
of the diluent blanks 100 ppm working standard, 
and sample using these optimized conditions are 
illustrated, in Fig. 4. All analytes of interest are 
welJ resolved from each other as well zs from all 
formulation matrix peaks. No significant carry- 
over was observed for each analyte. Compared 
with the chromatogram obtained using direct in- 
jection method (Fig. 1), static headspace sampling 
introduced only a trace amount of high boiling 
point components to the chromatographic system. 
Since little sample preparation is required and the 
GC run time is very short, the entire SHS-GC 
assay can be carried out within 3 h. In contrast, 
an assay by the direct-GC normally requires a 
total analysis time of more than 8 h. 



4^ 
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Fig, 3. Plots of oven equilibratioa time versus peak area: (a) 
methatiol; (b) ethangt; (o) isopfopanol; (d) acetone; (c) ethyl 
iioetaco. 
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Fig. 4. SHS-GC chrcnn^tograrns for analysis of residual solvents in OEM tablets. Method conditions are shown in Section 2.3, (A) 
The 100 ppm working standard (sec Section 2.5), (B) A sample of GEM tablet. (C) The diluent blank. Peaks: I -uncthanol; 
2 = ethanol; 3 ™ acetone; 4 i^opropanol; 5 = ethyl acetate (• aoetaldehyde). 



J.2. SHS'GC method validation 

The SHS-GC method was validated with re- 
spect to Jjoearity, range, detection and quantita- 
tion limits, precision^ and accuracy in accordamce 
with the lutemational Conference on Harmoniza- 
tion (ICH) guideline Q2B 'Validation of Analyti- 
cal. Procedures: Methodolog/ [15]. 

The linearity of the method was evaluated from 
triplicate injections of a series of standard solu- 
tions prepared over the concentration range listed 
in Table 1 for each OVL The concentration range 
for each of methanol, ethanol and isopropanol 
was from 0.5 to 200% of the working standard, 
which contains 100 ng/ml of each analyte. Using a 
200-mg sample, the range is equivalent to 1.2- 
5000 ppm by mass of each OVI in the GEM 
tablet. The concentration ran^e for both acetone 
and ethyl acetate was from 0.1 to 200% of the 
working standard (2.5-5000 ppm by mass of each 
OVI in the GEM tablet). Results for linearity are 
summarized in Table 1 along with the estimated 
detection limits (DLs). Each solvent showed excel- 
lent linear behavior over the examined concentra- 
tion range with coefficient of determination (7?^ 



values of 0.9989-0.9999. The DLs were deter- 
mined based on the standard deviation [c) of the 
blank and the slope (S) of the calibration curve 
(DL = "iJirrlS) as defined in the ICH guideline 
[15]. The DLs are determined as 3 ppm for 
methanol, 2 ppm for both ethanol and iso- 
propanol, and 1 ppm for both acetone and ethyl 
acetate, indicating the superb sensitivity of the 
SHS-GC method. The lower end of the linear 
range is defined as the quantitation limit (QL) for 



Tabic I 

Linear ranges and estimated detection limits for SHS-GC 
method 



ovrs 


Con cen tratiqn ** 




DL^ (ppm) 




range (ppm) 






Methanol 


12-5000 


0.9992 


3 


Ethanol 


12-5000 


0.9990 


2 


Isopropanol 


12-5000 


0.9989 


2 


Acetone 


2.5-5000 


0.9996 


1 


Ethyl acetate 


2.5-50(X) 


0.9999 


1 



' Concentration expressed on a weight baAia relative to a 200 
rag Runiple weight, 
^ DL = 3.3 K (SD of b]ank)/(5lope of calibration curve). 
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Tabic 2 

Apcuracy and precision for SHS-CC method 



OVIfi 


Chromatographic precision" RSD (%) 


Recovery*' (%) 


^4ctho^^ prccisoD"' RSD (%) 


Methanol 


2.6 


93-99 




Elhanol 


2.0 


87-98 


1.9 


Acetone 


0.8 


85-102 


r.j 


Iwpropanol 


1.2 


93-100 




Ethy] acetate 


0.4 


87-107 


0.6 



■* Determijied ft-om ten replicate injections of JOO ppm standard solution. 

''Determined by spiking fiamples with standards over the linearity range. Recoveries are within 93-107% over the linear ran^e 
above the QL. 

Determined from b. 



each analyte, i.e. 12 ppm each for methanol, 
cthanol isopropaiiol, and 2.5 ppni for both ace- 
tone and ethyj acetate. 

The accuracy of the method was validated by 
spiking GEM tablet formulations with standards 
prepared at the levels over the linear range spe- 
cified in Table 1 for each OVL Triplicate determi- 
nations were performed at each level. Results are 
sunwnarized in Table 2 along with chromato- 
graphic precision data, which were obtaijied from 
ten replicate injections of the working standard. 
The relative standard deviations (RSDs) of ten 
replicates for all solvents arc equal to or less than 
2.6%, which is well below the USP mandated limit 
of 15% RSD for OVI analysis [14]. Recoveries 
obtained for each of the anaiytes are within 85- 
110% (within 93-107% over the linear range 
above the QL and within 85-110% at the QL), 
demonstrating sufficient accuracy for trace analy- 
sis. The method precision was assessed in combi- 
nation with the accuracy study. RSDs of 3.5% or 
less of the recovery data in triplicate indicate that 
the SHS-GC method provides excellent precision 

Tabre 3 

ExtTwtion of residua) ethanol and acetone from polymeric 
coating 



OVIs 


SHS-GC" (%) 


Direct injection GC^ (%} 


Ethanol 


1.25 


1-36 


Acetone 


0.45 


0.46 



•* Active ingredient and cxcipfente of core tablet were added 
to the polymeric coating sample to match the formulation 
matrix. 

^ OMF Ussed to dissolve the polymeric coating sample. 



for rcsiduaJ solvent analysis. 

Since the polymeric coating of the GEM tablet 
is insoluble in water, the extraction of ethanol and 
acetone into the sample dissolution medium from 
the coating was further investigated. In this exper- 
iment, a coating sample was collected by separat- 
ing the coating from the GEM tablet core. The 
sample was then analyzed using both tJie SHS-GC 
method and the direct GC method to determine 
the ethanol and acetone content in the polymeric 
coating and the results were compared. DMF was 
used to dissolve the polymeric coating for the 
direct GC determination. For the headspace anal- 
ysis, other components of the GEM tablet were 
also added to match the formulation matrix. The 
comparative results are given in Table 3, which 
indicates that the SHS-GC procedure was suffi- 
cient to fully extract residual ethanol and acetone 
from the polyj^ieric coating. 

Based on the above validation results, the SHS- 
GC procedure has been demonstrated to provide 
an acceptable degree of accuracy and precision 
within or at the extremes of the linear range. 
Therefore, the range of the method has been 
determined as follows: 12-5000 ppm each for 
methanol, ethanol, and isopropanol; 2.5-5000 
ppm for both acetone and ethyl acetate, in refer- 
ence to a 200-mg GEM tablet. 



4* Concloslons 

A static headspace gas chromatographic 
method was developed for the determination of 
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residual methanol, ethanol, acetone, isopropanol, 
and ethyl acetate in phannaceuticaJ gel extrusion 
module (GEM) tablet formulations. A Rtx-1701 
raegabore capillary column wajs found to provide 
the optimal chromatography for the headspacc 
analysis. Utilization of a low pH buffer mmjjnized 
the matrix effect of the GEM formulation. The 
SHS-GC method has been shown to be specific, 
sensitive, precise, and accurate. Id addition, the 
automated SHS-GC procedure is simple and 
rapid. This study demonstrates that static 
headspacc analysis is an ideal approach for the 
analysis of residual solvents in complex pharma- 
ceutical products. It minimizes the possibility of 
chromatographic system contamination as well as 
artifact formation. Furthermore, it substantially 
reduces routine maintenance of the CC system. 
Most importantly, the SHS-GC method provides 
much more accurate and precise quantitation re- 
sults than the direct GC method. 
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